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UHERE DOES CDT FIT IN, NOU THAT HE KNOU SO MICH?:
A FRONT END ANALYS[S STUOY

Andrew E. Aidrews and Nary Stodddrd Tralnor
Cognitive Engineering Dcslgn and Research Team (CEOAR)

Military System Group
Nail Stop F6c11,A-6

Los Alamos National Laboratory
Los Alamos, ftOW~XiCO 87545

ABSTRACT

Ccqutw-based training (CBT) hat now been in txistenc~ for over tw oecados. [t has bean imple-
montod In both the privato sector and government organizations at an Qxponontial rate.
Nwcrthslms, many institutions,particularly~ducational institution~,hav~ not yat introducedCBT.
Our knowladgt of what works and what dots not, as well as hardware and software advances, has
grtat!y incr@as9d in the past fewyear$, This paper addre$!es many maria@m@nt considerationswith
rc~pact to CRT, First, w consider tht gentric envtronm@nt in which CB! might b. uted and then
issuo$ that affact costs and banefits, including lessons loarnad by th~ Cognitivo Englnccring Design
and RQscarch Tom (CEOAR)of tho LOS Alamos National Laboratory in its assessments, The final sec-
tion giv~s soma “how-to” guidolincs on increasingthe probabilityof succ~ssfully introduclnqCBT
into tht tratning anvirorment, The underlying thcmo of tho paptr is that manag~mont should be
~uldoj b; what MO now know about costs and bencflts in its d-ctsions regarding CnT and fight the
ure f “high tach” glittar.

INTROOWTION illustration,ono would not place a CBT unit at a

Sir,cocanputor.bas~dtraining (CBT) has been
swimning pool to teach Olympic hoptfuls bettor but-
terfly stroke ttchniqu~, Th9 prosenca of ~atcr Is

in exlstcnco, wa hav~ scon thg fi~ld progrtss from an tsscntial .Iument that cannot $Q slmulatcd by
u~ing trn~cmputor as a control for Qltctronic peg. th~ ccnmputar. In contrast, walding has batn QffQc-
t~rning to tha curro~t statg-of-thti-art system
that permit a wid~ varinty of instructional

tiv~ly taught using CBT, with emphasis on
slmulatina the weldina tIroco$!.3 On a acncral

strat~gios. Mdltionally, M hava the Qxp@ctations
that comp(lt~rscan now thinh likt inttructars and
thar~by atal~ wtth th~ \tudant.

[f an. parusas any roccnt itsue of the papular
computor mdgazinos dealing with microcmnput~rs,on.
can find several advorti$omontt offering rhthtr
compl~tc systtms for lQSS than ont thousand do]-
14rs, If cno looks at col lagas or udivortitios,
such as Stanfard or Drox@l, tho uso of ccwnputcrsto
support tha curricula is rcadi!y apparent. At
Oroaal, all studentsmust havo a?coss ta a o~rlonal
ccmput~r and uts thsrnin all coursts thr.~ghout
th~lr four yudrs of collegc,l [f @no looks at the
CBT Iitoraturo,one t~ot many studios touting CBT
as tha antwor to such instructional problmt as
self-pacfng, roaching tha advancad studant,
laboratory or simulation ~hortage, and prts~rving
instructortima, Sa whv shouldn’t any institution
wanting to us. modtrn technology,rtduca costs, and
lmplemanta CBT program?

The ant~r is that this simple, casual premise
of CBT 1s not timpl~ and cheap, or’ nocassarily tht
bast [ours@ of action for tha institution, In
ftct, a racant Army Rttctrch [rt~tit~tcr~port as-
Iarts that claar-cut banaflts of CBT havt not boon
da-mnltrttad,a

This ap~r deals with why on~ thould choos~ to

Pi
ado t a C T pragram and, ossu,ning # positivo
cho ca, sm guid~lints on how to go about It, 11~
bold att~tton 1s that to #@@ a definite advantago
or b~n~fit of COT ccmansurtto with ltt cost,

!
rcat

caf~ mit b, @xcrcftad fn tha sol~ction of app ica-
tions cnd in u8tifyin COT based upon iti milts
alon~, / !Many o tho quos ions that Ihould ba a$kad
during the front and analysis process arc ldcn-
tifi~d,

ENVlROt84ENTALIMPACT

Tha Impact of CBT iI dcpondant upon the @n-
vfronmgnt in wh(ch it {B utcd, As a si,upllstlc

Iav@l, CB~ can bo used-in thrac diffarent ;nviron-
mants:

CLASSROO/4:

ON-ThE-JOB

A formal trainln environment in which
ptrformanca can !Q mcasurad in tarms
of tarminal porformancc objectiv~s,
CBT in this environment can bo used
oithar as a !ubstitut@ for classroom
or laboratory instruction or at a
supplement to conv~ntional instruc.
tian. Oftan, b~--’!e of differing
physical ntods for CbI, a stpdratc
learning cmlor ustd by savoral dif-
f~rtnt classes is built and monitarod
by advancad ttudents or by support
parionncl, Th~ specific strat~gy of
tho CET d~pcnds upon how the l~tsons
ara implementedrtlativo ta tho cl~ss-
room,

A lass formal @nvlrorunentin which im.
provcmant 1s moro difficult to
mgasur~m G@norally, tha “ln!tructor”
is the front.lint suporvitor whose
principal Job is other than training,
CBT off~rt the appo,’tunlty far stan-
dardization of instructionat w1l as
improved quality, but itt affcctiv@-
nass {s difficult to mcasurt, This
cat~gory subsumat many tubcatogories
including apprcnticaship,suttainmant,
and ratrainlng for n~w aquipmcnt.

EXTENSION COURSE: Utually not raquircd of tht
@mployo@, but mado available on
a basis similar to “continuing
aducatian, ” Eiancfitt to tho
“campdny” ara @xtromcly dlf.
ficult to mcaturc and !uch
P“ogramt aft tupportcd on the
promi~a that bttt~r educated
amployo~s arc btttcr ~mplay~et.
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!+llthir,the Department of
Defense, however, ext@ns ion
course! are essential to ac-
complishing the training mission
and may be raquired.

The importance of distinguishing &mong these
environments Is that CBT, which ma

/
have great

benefit in one wvironment, may be o little value
in another. For example, standardizationmay be of
great importance for the National Guard with
respect to instructionthat mist 50 exported to the
field (extension coursos). Consistency in quality
of instructionmay bc assontlal If the lar~est r,uIfi
ber of tratn~~s is to achicvc a minimum acce~table
level of proficiency. In contrast, for the acttvg
forc~s consistency is important,but quality con-
trol! on Instructor presentation aro inherent In
th~ classroom envlronnmt. H@nce, an advantage of
CBT in one onvironmont (the National Guard) may not
bo a worthwhile b~ncflt in another (the Active
Ccxnwnents).

COST ANO BENEFITS

Ther~ aro sovoral r~tsons for introducing CBT
into the tralnlng anvlronment, including the fol-
lowing:

o Improving tht cost/bQnofit ratio wtth
rcsptct to the training of personnol, cost
Is the total expanse (both fixed and

i
vtriabl~ assoctattd with trainin
divldua .

~ &n in-
Elonofttrcf!ccts tho d ff~rmco

bctwacn the valu~ of tht tralneo to tht or-
ganization befor~ and after training, The
gotl Is tho lowast costlbonafit ratlu pos-
sible (n(to that costs and benefits ars
always potitive values that can approach
but not equal zero),

● Providing training that is oth~rwisc not
ftasiblt (for example, axtcnsion coursas).

o Ooing rostarch Into CBT. Acadamic dopart-
M9nts, industry,and organizations,such as
CEDAR, @n tgo in this type of activity.

7Tho bontf t it knowlodg~ galnod on how to
do CBTbottor (or ptrhaps hat to akoid).

o Improving tho Imago of th~ organization,
lmagt is an elusivo quality and itt impor-
tance $hould not bt ovcrlooksd. It II
timllar to “goodwfll” that 1s paid for wh~n
# comptny is purchastd, As such, it it a
bonoftt tissssed only in Iubjoctivo torml.

o Haklng a capricious dccitfon by managamnt
to do it. !lanagmmantmay d@cr@@ that CBT
will b~ usacl without providing the
rationtl~ to tha or anlzatlon,

!
Of Coursf,

ft mty not b~ capr C!OUI, Rath@r, manago-
rmt mty know what it wants to do but, at
it tht caso wfth many Oxparts, cannot ur
dots not boli~vo thtro it a naod to oxpltln
ths retionala,

WIIIIQth, Ittt t.hroorotsons ctn havo grtat mortt
in c~rtiln clrcumsttncos, th~y do not withstand
htrd-nostd managment @xaminatton in the conttxt of
profit tnd loss, Inst@ad, o docition fn ftvor of
CBT should b~ btstd on an lmprovad Costibcnofit
rttloi Thot is, can costs bc reduced, btnofits (at
soon in bctt~r trcinad PQOPIQ) bc lmprovod, or
both?

Benefits of training should be measured In
terms of the Organization. From a bllslness
perspective,one trains people to increase produc-
tivity, And, if people with the requisite skills
can bo hired directly without additional cost, this
choice is the preferred one. This approach has
scvore limitations, however, because a person’s
heuristic knowledge baso is developet ~n-the-job,
In many businesses, particularly national defense,
the requlslte skills are not taught elsewhere.

A good way to assess the bentfit of CBT is to
introduce it on a small kca’leand measure its ef-
fectiveness in a controlled manner, Howejer,
~uccess is directly related to the quality of the
implementationand does not ntcestarily indicate
futura success of a broader scalo implementation.
In the bullnes$ $@n$e, ono would like to forecast
the gains of CBTO that is, make an estimate of the
near-term benefits based on som~ sort of regression
analysis from past rcfults. Generally, the
benefits of CBT can be predicted based on ex-
perltnco in the flcld and the application of
houristicl deriv~d from it. Qucntiflod dredlctions
of benefits should be viwad with gre&t skepticism.

Doing a cost/benefit analysis i$ a difficult
task at best, And when managment is considering a
ncu field or applic~tion, the complexity of tha
field can obfuscata otherwi$o obvious factors from
contlderation. [n this section, a few critical
factors that lhould affact a d@cikion for or
against impltmnting a CBT effort wII’ bo dis-
cussed. The discussion will l~ad to idcnt~fyin
them CBT applications with tho grtatest potantldY
return on investment.

As already ob$arvod, the boncfit$ to ta
deriv~d from a now CBT application must b~
pr~dictcd, not forccattcd. As !uch, btnofits
(before tht f~ct) rw~rc~ant tophi%ticatod hand
waving and (after tho fact) frcquantl corrclata to
tho quality of tho Implemntat.ion, fho qua ity of
cours~waro design largaly detormints tho succcss of
CBT. t4anyc~erativ~ ttudics h~vo botn porform,d
comparing cBT to convcntioncl instructlon~l
mtthods.s Thcso studi~! show that CBT can b~ moro
efftctivo than convcntlJnal instruction, but tha
d~graa of QffQctivantst (and htfictb~nofit) deptnds
upon design issues at WQ1; as the I ‘al Iituationfl

Up front, CBT USUally raprcscntt a moralcostly
approach bccauta o? the high initial Inv@stmont?
The low priced computsr iyst~m~ I*nd th~miclvms to
th~ old @loctron!c pago turning t@chniquct but do
not noctssarlly support mod9rn instructionaltech.
nology, ThQ In$tructiona!stratt las of simulatio~

!and gaming, among oth~rs, roqu ro mor~ $ophl~ti.
catad tochnuloglci, Raaplng the bcnrfitl of CBT
for your application m!gh: r~~uirc ~ spccfrum of
capabilitiot that can includt intcractivo vidto
disc, digittl tudto, graphics, cnlor, data arid
program storaq~, compact ditc read.only.mtmory,
Cwrputational \pccd, multipl~ disple t, Jnd Iimula.
tion, {ThQ list can go od and {S i mitod only by
onc’t im~qination, V@t, ccntrdl to tht lltt art
both tha cost of scqusftfon and the ~ost of courJ@-
waro to be n~n on the sytttm.

In gtnoral, tht cost of courlnkaro da~clummnt
will grtatly cxcotd the cost of equlvont. Equip.
mant acqulrod today pr@bably wIII ba obsolat~ fivt
years from nowi It it th~rofort nocot:~-y to bc
roquiremcntt., not technology.,dr!v?~,



In estimating the cost of CBT, the price of
equipment and facilities usually can be established
In a fairly sound fashion. The cost of development
of coursewar?,maintenance, adnlnistratton of the
program, and the time employees devote to learning
can be only impreciselyestimated at best. These
factors are fntdrdependentand nearly Impos$lble to
predict for cfeative endeavors.

Nevertheless, it is clear that CBT cannot re-
place instructors,only free them up to spend their
time aiding individualsand in lesson design, pro-
duction, and maintenance. The roles of instructors
will change, but the manpower consnltmentwill re-
main and may grow. Of course, ClaSSrOOm instruc-
tors may not have the skills for CBT development.

Table I, for example, ilsts the talents re-
quired to develop and produce good quality CBT
using interactivevideo. The breadth of skills re-
quired leads to an argument against the assertion
that C8T cannot replace instructors. If courseware
is to be contracted,perhaps the size of the train-
ing department can be reduced. Further, the
courseware company can take the lessons already
taught; put them on a computer; and, hence,
elimfnate the need for lesson design, development,
and maintenance. The fallacy of this argument has
two aspects, First, contracting for coursoware

!Production does not ellminate the n-house manpower
costs for courseware development but shifts them

{
perhaps increases them) to a dlffwent line item.
he second aspect Is that CET, which consists of

straight conversion of a classroom course, is
generally not successful, Revision of the instruc-

do well as evidenced by improved performance or
permitting achievement of a teaching strategy not
easily achieved through other means.

Looking at Bloom’s Taxonomy (Table 1[), most
training today is at the lower cognitive levels.
Yet, there is a growing awareness of the necessity
to provide good training at higher cognitive
levels. Students need to go beyond the facts and
procedures of the classroom and experience real
world dilemmas. In essence, it Is desirable to
gfve the student artificial experience before he
tries tt in actuality, thus improvt:g his chances
of good performance. CBTcan be used for high cog-
nitive level objectives (for example, synthesis or
analysis), but the design time required is greater
than for lower level objectives (for example, com-
prehension and knowledge) because the instructional
strategies are more complex (for example, simula-
tion and gaming).

TABLE 11

BLOOM’S TAXONOMY

(~~~~h;ognitive ● Evaluation

o Synthesis

o Analysis

o Application

e Comprehension
tional d~sign is requfred. The implication is that
CBT is ooino to cost more than classroom instruc- (?OW cognittve o Knowledge (recall)
tlon, - -

e
e
*
e
o
0
0
0
e

TABLE I

REQUIREO TEAM SKILLS

Subject Matter Expertise
Computer Science
Cognitive $c{ence
Human Factors
InstructionalOesfgn
Graphic Arts
Script Ur{ting
Vfdeo Expertise
Management

ANOA GOOO UORKING ENVIROt#tENT

Now Watt a minutel If the benefits of CBTare
hard to predict (often betng sophisticated hand
waving) cnd costs are likely to go u , why do it?

iThe answer Ifes in the potenttal of C T benefits,
that is, what CBTcan do that conventfontl tr~tntn
cannot and what CBT can do bttter than conventtona!
trafning, The point fs thtt ClkTrewesefNs a risk
with $Igniflcantrewards for the innovative, ag-
gressive training program.

WERE WOULO C8T BE USEO?

The key to success 1s in selectfn tpproprltte
!tppllccttons for CBT-=tho9e that canno be achieved

by other means or those In which amoderote COT in=
vestment can provtde other savtngs. For eMPle, 4
COTshulator could serve as a pcrt=task trdlner to
tetch “swltcho!ogy“ thus takfn~ the training bur=
den from more costly shulators,g selection of CBT
implementations should be based on what COT carI

level)

{
Adapted from: TAXOIWIY OF EOUCATIOI,ALObjectifies:
he Classificat~on of Educatlonal Goals: WOiWUWT
: coonttive Qomaln, by Benjamin loom, et ar

?LOngman, Inc., 1~1

Simulatlcn means different things in different
contexts. Utth respectto th~ training environment
the term can include physical, procedural, sltua=
tional, and process simulations,l” The differences
between games and simulations arc twofoid, First,
games require Competition, either with the computer
or with another pla er. Second, games focus on

/broad, less quantif able concepts (soft conccPts),
while simulations are conc~rned with h{ghly ac=
curate, technical detail (hard concepts)t
Simulations are required to correctly predict a
great many detafls, while games are not, A com-
parative matrix Is shown in Table 111,

TASL8111

AMMN@VRMWQWWMTION MATRIX

1-’- 1 I

I I lwss-
1

Inu91bshleh
I



The distlnctton between games and simulations
is crittcal with regard to the oevelopmant effort.
If you require a simulationwhen a g?me would suf-
fice, you will Spend more money than is necessary.
Also, ifyoudo not have an instructional strategy
in mind, 5oth games and simulations may be the
wrong choice. The use of computers for educational
purposes without a strong, underlying instructional
strate y that matches human need will produce sub-

!optima results.

As a bottom line of co$t/benefit,C8Thas cer-
tain applications that make it an attractive
alternative and worthy of careful consideration.
These appllcation$are as follows:

- Simulation of equipment to support proce-
dural training.

- Gaming and simulation to support the ac-
quisition of artificial experience.

- The export of training (at all cognitive
levels) to make it more widely available
and consistentlygood.

GETTING INTO CBT

At some point, you get a visceral gut feeling
that CBT is required, You see some potential ap-
plications, and the other alternatives are not as
attractive. You have made a rough-cut estimate and
believe that the potential rewards justify the
risk. How do you go about it such that a hl h

!probability $uccess path Is followed? Table V
contains som~ guidelines that are discussed below.

o

0

0

0

0

0

0

0

TABLE [V

GUIDELINES FOR THE INTRODUCTIONOF
COt4PU”iER=dASE0TRAINING

Allow time for a front end analysis to determine
if you have a training problem or a performance
problem.

Ottain support from high-level management early
in the process and then make an effort to con-
tinuously fetter it,

OWermine Mo is in charge==establish a focal
point forCBT.

Assemble a diverse development team,

Establish ths training requirements,mumetate
potenttsl applications,prioritize, and stlect
the one with the greatest possible payoff tom=
mensura:e with acceptable risk.

Involve Instructors in the design procoss and
ensure that they are adequately trained regard=
inq the C8Tmedtum.

Gradually Introduce the new training approisch.
Let the i~structort and students bscome accus=
tomed to It and then become the prime advocates,

CONTINU/.LLY RRVIEU THE COSTS ANO ?OTENTIAL
kKNI!FITSOF YOUR COT PROORAM ANO 00fANk)THAT COT
W COST EffECTIVE OVER OTHER MEANS,

Ftr\t and formst, allow timo for a front end
analyI!l$ to determine if you have a training
problamor a performance problem, If the wor:er
has the knowledge, sktlls, and abilitlet required
for the ta$k, you brobably do not have a trafning

problem. Often, the true problem may be obscured
by the organizational environment. For example,
operational policies and Proceduresmay be inhibit-
ing creativity and initiative on the part of the
worker, thus ensurfng continual inefficiency,

The second step is to obtain support from
high-level management early in the process and then
make an effort to continuously foster it. This
#@ert is essential to success. The initial in-
vestment for CBT equipment is too large to obscure
within the budget, However, on a continuing basis,
CBTwill have to fight with othe~ budget items un-
til it is established, a process that could take
several years.

Next, determine who is in charge--establisha
focal point for CBT. In organizations we have
visited and o~served, those that did not follow
this guideline tended to have a variety of eq-
uipment and multiple standards for CBT quality, and
lacked flexibilitywith regard to the exchange of
materials. Without a single point of contact, a
C8Tprogvam can quickly look like the start of a
computer thrift shop. At the same time, the people
on the implementation tehm must recognize that
centralization benefits them and that they can get
the resources they need as long as they are respon=
sibly flexible regarding certain details, The
focal point ~’fthe CBTactivtty must be sensitive
to corporate I,cwds, operational constraints, the
operative technologies,and both the implementers
and users of the training system. Conflicts among
these variables will occur; the focal point for C8T
is the focus of confltct resolution and the link to
continuing management support.

COT is a teameffort that requires the skills
shown in Table 1, or a variant of ft. The next
step is to assemblo a diverse development team or
select a contractor with one, Assembling the team

1% example, scrtpt writers and computer program-
urself requires a commitment to team building,

mers view the world differently dnd have different
reouiramants to accomplish their jobs, Yet, to b~
successful, a CBT team must consnunicatewithin it-
self, acd the mamb.rs must adapt to one another, A
separation of functions leads to lowtr quality,
less creative CBT, By implication, CBT lends it-
self to project management techniques and a matrix
management approach, However, if you cannot Rs-
semble a team with all the requisite skills, look
for help elsewhere.

Uith the team assembled, revisit the training
requirements, enumerate potential applications,
prioritize, and select the application with the
greatest possfble payoff comnensurdtewith accept-
able risk, Note that to this point no mention of
hardware acqui$itian has been made because yrIu
should be n~eds.driven, not technology=driven,
Choose equipnent thdt wII1 support your priority
courseware requirements but has the potential for
expansion to support all the courseware require-
ments, For ex&mple, if you need to teach
switchology,you almost certainly will need a good
graphics capability but may not requirp interactive
video disc, thus reducing cap~tal outlays whfla you
are on the steep part of the learning curv~, Also,
opt for application that COT can do well, [f you
have a choice between teaching workers the $teps in
a process by rote memory or how to set up equipment
through a procedural simulation,opt for the latter
because it matches what COT can do well while
having a good potential return on investment,



Keeping costs down also helps with winning and
maintaining upper management support. First, by
purchasing only the hardware capabilitiesrequired,
costs are minimized. Second, by focusing on the
courseware with the highest priority and best pay-
off, you optimize the potential benefit and produce
recognizableresults in minimal time. The costl
benefit ratlowlll be clear, near-term evidence of
upper management’s wisdom in supporting CBT.

Next consldar what you may be doing with
regard to the existing training organization. At
the very least, the introductionof CBT represents
change. At the other end of the spectrum, CBT
threatens the jobs of the instructors. The existi-
ng training team will resist the introduction of
LET unless they are participants in it. However,
simply being asked or directed to participate does
not mean the problem is solved. The trainers also
must understand what C8T Is about and how to do It.
Be prepared to train the trainers. This point can
be statad as the following: Involve instructors in
the design process and ensure that they are ade-
quately trained regarding the CBT medium.

Just as CBT causes change in the instructor’s
environment, it causes change in the student’s
world. To ba successful, the inertia af the tradi-
tional learning experiencemust be overcome. Uhfle
at somo time in the future the populationwill re-
gard canputers in the classroom as commonplace, the
vast majority of today’s work force experienced a
more traditional approach to learning during their
formal schooling.

Gradually liltroducathe new training approach.
Let the instructors and students become accu;;o~d
to it and then become the prime advocates. -
sence, let both student and instructor,by them=
selves, evaluate the evidence of student
performance both with and without CBT. Acarollary
implication is that the courseware for application
selected for the introduction process should sup-
port the self-evaluationprocess. For example, a
C8T-type part-cask trainer can help stude,}tsper=
form with greater skill and confidence when they
advance to full system Slmulator$.

WELL, THERE YOU HAVE IT!

A look ?1:the costs ard benefits ofCBT, whit
CBT can do best, and some guidelines on how to do
it, For convi~nience, the guidelines m“e gathered
tog~thcr in Table IV. Ulth these guidelines and
the lessons listed earlier, is there a central
theme or singll!,pervasiv~ guideline that should be
followed? Yes there isl

CONTINUALLY REVIEU THE COSTS At!D POTENTIAL
BENEFITS OF YOUR CBT PROGRMANO OEMANO THAT
CBTBE COST EFFECTIVE OVER OTHER MEANS.

The coat/benefit ratio for the CBTsGlution
must be better than the other potential solutions.
Uhile the decision criterion is simply stated, get-
Llng to the decision point is a very complex issue,
There are many underlying considerationsthat in=
elude ho, what, when, where, wh , at!dhow,
re resents a risk or gamble,

!
An~whlle CBTmayc!~

ak n to the litter and glamour of smttlingin Las
‘1 ‘1Vegas or At antic City, winning ikewise demands

concentrationon the fundamentals--here, teaching
and learning, If you avoid tn? lure of high tech=
nology and demand a solid, comparative, decision
base, use of CDT when supported by the tvidence
will result in better training,

1.

2.

3.

4,

5.

6.

7.

8,

9,

10.

11.
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